Abstract Apple stem pitting foveavirus (ASPV) is one of the most important and widespread virus infecting apples in the world. Of late, the virus has been found to be invariably associated with most of the apple plantations of Shimla district of Himachal Pradesh based on DAS-ELISA results. Bioassay of viruses in vegetatively propagated crops including apple is considered to be an essential component in indexing programmes for the production of virus free propagating material. Woody indicator Malus pumila 'Spy 227' was used for the detection of ASPV through double grafting method. Graft incompatibility and epinasty symptoms were observed on Malus pumila Spy 227 indicator plants. Further, molecular identification of the virus isolate was done by cloning and sequencing of the test isolate. Partial sequence analysis of the coat protein gene showed 89 % nucleotide identity in BLASTN analysis with ASPV isolate from China (Accession No. JF895517). This is the first record of ASPV producing Graft incompatibility on Spy 227 indicator plants.
Himachal Pradesh is known as the ''Apple State'' of the country because its cultivation has revolutionized the socio-economic conditions of farmers and plays a pivotal role in the economy of the growers. Apple (Malus domestica Borkh.), the major commercial horticultural crop of the state, being perennial and propagated vegetatively, makes it important to detect viruses in planting material for checking the spread through infected propagating material. Apple stem pitting virus (ASPV) is a widespread pathogen of pome and stone fruit trees all over the world [13] . It is flexuous filamentous, singlestranded positive sense RNA virus belonging to family Betaflexiviridae with genome of 9306 nucleotides [1, 6] . ASPV was first reported in Malus sylvestris from midwest of U.S.A. by Smith [15] and has a significant economical impact for apple growers. ASPV infection could cause growth reduction in apple trees up to 10 % and the yield loss may reach up to 30 % [2] . The fruits are early maturing and are deformed by deep invaginations. While latent, the disease causes a loss of 5-10 per cent [10] . Selection and propagation of disease free planting material is a major strategy to tackle viral diseases in apple and this is highly dependent on the technology for quick and reliable detection of viruses. Malus pumila Spy 227 indicator plant is commonly used for biological indexing against ASPV, besides serological indexing with the use of enzyme-linked immunosorbent assay (ELISA) and reverse transcription polymerase chain reaction (RT-PCR) which are being mainly used all over the world in the various virus indexing and certification programmes of apple [11, 12] . However, for virus indexing on mass scale, ELISA is widely employed because of its rapidity, accuracy and sensitivity. Therefore, reliable detection of viral infections is of paramount importance not only in the diagnostic and epidemiological studies of a disease, but also in indexing plants for producing virus free planting stocks for the management of viral diseases.
Molecular evidence for ASPV infection in India was first reported in 2010 [4] . In the present investigations diagnostic studies on biological, serological and molecular detection were carried out to study the occurrence and distribution of ASPV in apple orchards and to record the symptomatology on Malus pumila Spy 227 biological indicator plants. Apple growing region of north western Himalayas particularly Shimla district of Himachal Pradesh was surveyed during active growing period of 2011 (May-October) and leaf samples were collected to determine the occurrence and distribution of ASPV in apple plantation. Alkaline phosphatase (ALP) based direct double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) was performed to detect ASPV by employing immunoreagents of BIOREBA-AG Switzerland with the relative positive and negative controls. Antibodies were used at 1:1000 dilutions for detection of virus in infected leaves.
DAS-ELISA detection in 20 orchards revealed the presence of ASPV in most of the commercial cultivars. The incidence of viral infection ranged between 8 and 60 % in all the 20 orchards surveyed with highest incidence of 60 % in an orchard located at Dhangvi village of Kotkhai area of Shimla district (Table 1) . However mixed infection of Apple stem grooving virus (ASGV), Apple chlorotic leaf spot virus (ACLSV) and Apple mosaic virus (ApMV) was also recorded. (data not shown). Old plantations were found to carry maximum infection of the virus with distribution being erratic. Bud sticks from a Royal Delicious isolate that showed strongest reaction in DAS-ELISA for ASPV and which was negative for ASGV, ACLSC and ApMV were collected during January, 2012 to proceed further with double grafting experiments for biological indexing assays.
Woody indicator assays were carried out in the field where healthy seedling rootstocks were double grafted with test bud wood of Royal Delicious isolate and indicator bud wood of Malus pumila Spy227 indicator buds in April 2012 by following Hill [5] . Twenty replicate trees were double grafted along with a virus free healthy negative control. Observations for the development of symptoms were recorded starting from callusing of graft union to development of leaf symptoms until May 2014. All inoculated plants reacted by initiating swelling at graft union between indicator and inoculator budwood after 30 days and not at the graft union between inoculator budwood and seedling rootstocks. A gradual increase in size of callus at graft union point resulted in producing a swelling of prominent size indicating abnormal graft union after 90 days post inoculation (Fig. 1) . However, mild chlorosis started appearing on leaves after 85 days of double grafting and it took 4 months to exhibit curling symptoms on leaves. In 2013, the second year after inoculation leaves produced typical chlorosis and epinasty (Fig. 2a) and there was a general decline in overall health of plant as compared to healthy control. During May 2014, (i.e. third year post inoculations) the ASPV inoculated Spy 227 plants Malus pumila 'Spy 227' and Apple stem pitting virus 93 exhibited dieback symptoms followed by development of small leaves and buds failing to open. DAS-ELISA detection from leaf samples drawn from the symptomatic Spy227 plants resulted in positive detection of the ASPV and was negative for ASGV, ACLSV and ApMV. However, in negative control no swelling was recorded in addition to clean graft union without any necrosis (Fig. 1) and was negative for all four viruses tested in DAS-ELISA. Total RNA was isolated from the leaves of seropositive Royal Delicious isolate, graft inoculated symptomatic Spy227 seropositive isolate and their seronegative virus free healthy counterparts by employing QIAGEN RNeasy Plant kit (Germany) according to manufacturer's instructions. cDNA synthesis was performed by using Fermentas first strand cDNA synthesis kit protocol. PCR assays were carried out by using ASPV coat protein specific primer pairs ASP-C and ASP-A, designed to amplify a *264 bp region of coat protein gene [8, 9] . Actin (Accession No. AB638619) mRNA was used as an internal standard to rule out the probability of false positive reaction. This internal control primer (ActF: AGCATGAAGATCAAGGTTG TAGC and ActR: GGACAATGGATGGACCTGAC) with expected PCR product size of *142 bp was designed in Primer3Plus (www.bioinformatics.nl/primer3plus/) and further validated in Net primer (http://www.premierbiosoft. com/netprimer/). PCR assays again to rule out the presence of ACLSV, ASGV and ApMV were performed using primer pairs and PCR conditions reported earlier [9] . PCR was performed in GeneAmp Ò PCR 9700 System (Applied Biosystem, USA) by initial denaturation at 94°C for 5 min., followed by 30 cycles of denaturation, annealing and extension at 94°C for 45 s, 55°C for 60 s and 72°C for 60 s, respectively and final extension step of 7 min at 72°C for ASPV and Actin primers. The amplified PCR products were fractionated in 1 % agarose gel and then stained with ethidium bromide. The seropositive leaves samples showed virus specific amplification of *265 bp in RT-PCR assays and internal control was amplified in all the four healthy and diseased samples by producing a *142 bp thereby ruling out the possibility of false positive with no virus specific amplification in healthy samples (Fig. 2b) . However, no amplification was obtained in PCR assays for ASGV, ACLSV and ApMV.
The specific band of PCR product (*265 bp) of Royal Delicious isolate was eluted by using QIAGEN MiniElute Gel Extraction Kit (Qiagen, Germany) protocol and the purified PCR product was ligated into the pDrive vector of Qiagen PCR Cloning kit (Qiagen, Germany). Transformation was performed by using E. coli DH5a cells and the positive clones after blue white screening were confirmed by colony PCR and further sequenced by using universal M13 primers employing Sanger sequencing [14] . Nucleotide sequence obtained after sequencing was screened for vector sequence in VecScreen at NCBI and edited with EditSeq (Lasergene Core Suit, www.dnastar.com) to remove the vector sequences and extra nucleotide sequences. Pair wise alignment for forward and reverse primer sequences and further to trim the overhangs was done with the help of SeqMan (Lasergene Core Suit) which yielded the final sequence of 265 bp. The final sequence of 265 bp of the test isolates was deposited to NCBI GenBank (Accession No. KJ617058). BLASTN analysis of the test sequence showed 89 % nucleotide identity with Chinese ASPV isolate (Accession. No. JF895517).
Continuously increasing incidence of ASPV in Himachal Pradesh is an emerging problem and the present studies have confirmed its presence in almost every commercial variety of apple grown in the state. Occurrence of ASPV either alone or in mixed infection along with ASGV, ACLSV and ApMV has also been previously reported from Himachal Pradesh [3, 7] . Though ASPV being a latent virus with no characteristic symptoms on leaves of commercial cultivars [10, 12] . Epinasty, decline and dieback were recorded on Spy 227 woody indicator which are similar to that reported earlier wherein symptoms of stem pitting in Virginia crab, epinasty decline and stem pitting in Spy 227, dwarfing in Malus platycarpa and stem pitting at graft junction in R127407A were reported [10] . Graft union incompatibility due to excessive callusing reported in this paper is the first record of any such symptoms produced by ASPV on Spy 227 indicator plant as there is no report of such symptoms available. However, graft union necrosis or brown line necrosis is typical of ASGV on Virginia crab woody indicator where incompatibility is due to the formation of brown line at the point of union between scion and stock but here incompatibility is due to the excessive callusing at the union point. Graft incompatibility reported in this paper might be due to the reaction of this specific isolate with Spy 227. Any other reason for production of such symptoms was already eliminated by cross checking for the presence of ASGV, ACLSV and ApMV through ELISA and PCR. Even authors are not denying for any possibility of the presence of some novel virus associated with the production of such symptoms. Further detection and interaction studies on the association of some novel virus(es), if any, with this graft incompatibility, mild chlorosis and curling symptoms will confirm the exact cause. Till then, to the best of our knowledge this is the first report of excessive callusing and graft union incompatibility caused by ASPV on Spy 227 biological indicator.
